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Introduction. The aim of the study is to present the most recent 
estimates of obesity (total and central) prevalence in Greek chil-
dren and associated risk factors.
Methods. Population data are derived from a yearly, school-
based health survey polled in 2015 on 336,014 (51% boys) chil-
dren aged 4 to 17 years old from almost 40% of all schools of 
primary and secondary education in Greece. Anthropometric and 
physical fitness measurements were obtained by trained investiga-
tors. Dietary habits, physical activity status, sedentary activities 
and sleeping hours were assessed through self-completed ques-
tionnaires. The gender and age-specific Body Mass Index (BMI) 
cut-off points were used in order to define BMI groups. 
Results. The prevalence of overweight and obesity in the whole 
population was 22.2% and 9.0% in boys and 21.6% and 7.5% 
in girls, respectively. Obesity presented decreasing trends in the 
transition from childhood to adolescence. Central obesity was 
diagnosed in 95.3% and 93.5% of the simple obese boys and girls, 
respectively, in almost two to three of overweight children (68.6% 
of boys and 64.3% of girls), and in 12% of normal weight chil-
dren. Age, physical fitness, low adherence to Mediterranean diet, 
insufficient sleeping hours, inadequate physical activity levels 
and increased screen time were all associated with higher odds of 
total and central obesity.
Conclusions. Serious and urgent actions need to be taken from 
public health policy makers in order not only to prevent a further 
increase in obesity rates but, more important, to treat obesity and/
or the obesity associated co-morbidities.
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Introduction
In today’s society the prevalence of obesity in chil-
dren and adolescents has been recognized as a global 
epidemic  [1]. In the European Union the number of 
overweight children is expected to rise by 1.3 million 
per year, with more than 300.000 of them becoming 
obese each year  [2]. Greece is among the European 
countries with the highest levels of childhood obesi-
ty [3]. It is estimated that the prevalence of overweight 
and obesity is markedly different among children and 
adolescents in Greece and elsewhere  [4,  5]. Child-
hood obesity has been associated with the develop-
ment of cardiovascular diseases, diabetes, metabolic 
syndrome, and excess weight status in adult life  [6], 
and moreover, it influences social and psychologi-
cal functioning of children  [7]. Central obesity (i.e., 
abdominal subcutaneous and visceral adiposity) is 
an important risk factor for insulin resistance and an 
identifier of cardio-metabolic disorders and cardio-
vascular disease in later life [8]. Waist Circumference 
(WC) and Waist-to-Height Ratio (WtHR) are meas-
urement methods for evaluation of central obesity. It 
is estimated that they predict better than Body Mass 
Index (BMI) cardio-metabolic risks  [9]. The causes 
of childhood obesity are multi-factorial, including ge-
netic predisposition, perinatal factors, and lifestyle, 
environmental and socioeconomic variables [6]. In the 
last decade, the Greek government in collaboration 
with several independent authorities has significantly 
forced public health efforts aiming to reduce child-
hood obesity. EYZHN (National Action for Children’s 
Health) is an intertemporal program aiming to record 
health- and lifestyle-related parameters of the total 
student population of Greece.
To our knowledge, only a few studies [4, 10-12] have 
currently estimated the prevalence of total or abdomi-
nal obesity in Greek children and adolescents based on 
a national representative sample; most of them have 
drawn conclusions from selected geographic areas or 
from a deteriorated age range [10-12]. Accordingly, the 
aim of the present study is: (a) to examine the preva-
lence of total and central obesity groups among 4- to 
17-y-old children and adolescents as a basis for effec-
tive prevention strategies and (b) to investigate whether 
there is an association between several anthropometric 
and lifestyle factors and total/central obesity.
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Methods 
Participants
Population-based, representative data were derived from 
a nation-wide, school-based survey under the auspices of 
the Ministry of Education. Specifically, anthropometric, 
physical activity, sedentary habits, nutrition, and physi-
cal fitness data along with information on age and sex 
were collected from March 2015 to May 2015. In total, 
336,014 (51% boys and 49% girls) children aged 4 to 17 
years old from pre-elementary (4- to 5-y-old), elemen-
tary (6- to 11-y-old) and middle (12- to 17-y-old) pub-
lic and private schools agreed to participate in the study 
(participation rate was almost 40% of the total popula-
tion). The working sample was representative of the en-
tire Greek population (chi-square p-value as compared 
to the current sample with the age-sex distribution of all 
Greek areas = 0.93). The participation rates assured the 
proportional enrollment of children based on the urban/
rural areas student population distribution.
Assessment of demographic 
and anthropometric measurements
Demographic information of students (e.g., school, 
class, gender and date of birth) was obtained from each 
school headmaster. Children’s height, weight and waist 
circumference were measured in the morning, using a 
standardized procedure. Data collection activity in each 
school was completed in one working day. Children 
wear little clothing and stand with feet close together, 
arms at the side and body weight evenly distributed. 
The exact ages of the participants were calculated from 
birth and examination dates. Weight was measured in 
the standing upright position with electronic scales with 
a precision of 100 g. Standing height was determined to 
the nearest 0.5 cm with the child’s weight being equally 
distributed on the two feet, head back and buttocks on 
the vertical land of the height gauge. BMI was calcu-
lated as the ratio of body weight to the square of height 
(kg/m2). Waist circumference was measured at the mid-
point between the lower margin of the least palpable rib 
and the top of the iliac crest, using a flexible measure 
to the nearest 0.1 cm. Underweight (3 grades), normal 
weight, overweight and obese children were classified 
using the International Obesity Taskforce age- and gen-
der-specific BMI cut-off criteria  [13, 14], as the most 
proper for epidemiologic studies  [15]. Central obesity 
was defined as waist circumference (cm) to height (cm) 
ratio (WtHR) ≥ 0.5, given that this specific cut-off point 
has been established suitable for the prediction of obe-
sity-related cardiometabolic abnormalities in children 
and adolescents [16].
All measurements were repeated; if the measurements 
were within 1 cm of one another, the average was cal-
culated. All anthropometric measurements were per-
formed by trained professionals (teachers of physical 
education). Specifically, measurements were performed 
by one teacher of physical education in each class. 
All physical education professionals were instructed 
through a detailed and extended manual of operations 
and followed a standardized procedure of measurements 
in order to minimize the potential inter-rate variability 
among schools. The physical education teachers were 
first trained by school advisor of physical education for 
accurate anatomical landmarks, subject positioning and 
measurement techniques. Verbal informed consent for 
the child to participate in the measurements was taken 
from physical education teachers. As the measurements 
were included in an obligatory school program, verbal 
informed consent was considered sufficient.
Assessment of physical fitness levels
The Euro-fit PF test battery was used to evaluate chil-
dren’s PF levels [17], initially proposed by the Council 
of Europe and used systematically from many European 
countries during the last decades. The battery consists of 
five tests: (a) a multi-stage 20 m shuttle run test (20 m 
SRT), to estimate aerobic performance; (b) a maximum 
10 × 5 m shuttle run test (10 × 5 m SRT) from a stand-
ing start to evaluate speed and agility; (c) a sit-ups test 
in 30 seconds (SUs), in which the student lies on the mat 
with the knees bent at right angles, feet flat on the floor 
and held down by a partner, to measure the endurance 
of the abdominal and hip-flexor muscles; (d) a standing 
long jump (SLJ), where the children are asked to bend 
their knees with their arms in front of them, parallel to 
the ground, then swing both arms and push off vigor-
ously and jump as far as possible, trying to land with 
their feet together and stay upright, to evaluate lower 
body explosive power; and (e) a sit and reach (SR) test 
that involves sitting on the floor with legs stretched out 
straight ahead without shoes to measure flexibility. Two 
trials were allowed for the SLJ, SR, SUs, and 10 × 5 m 
SRT, with the best performance of each recorded. All 
five fitness tests were administered during the physi-
cal education class by physical education professionals, 
who were instructed through a detailed manual of opera-
tions and followed a standardized procedure of meas-
urements in order to minimize the inter-rate variability 
among schools. 
Assessment of dietary habits 
Participating children’s dietary, physical activity and 
sedentary habits were recorded via the use of an elec-
tronic questionnaire. It was completed at school with the 
presence and assistance of their teachers and/or informa-
tion technology professors, all previously provided with 
specific written guidelines for its proper completion. 
This was done in order to provide an accurate reflection 
of their habits and for a standardized evaluation proto-
col to be implemented among all participating schools. 
Regarding students’ dietary habits, these were assessed 
through the KIDMED (Mediterranean Diet Quality In-
dex for children and adolescents), developed by Serra-
Majem et al. (2004) [18]. The KIDMED index was de-
veloped in an attempt to combine the MD guidelines for 
adults with the general dietary guidelines for children in 
a single index. The index comprises 16 yes or no ques-
tions, including dietary habits that are in accordance with 
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the principles of the Mediterranean dietary pattern and 
the general dietary guidelines for youth (e.g. consump-
tion of at least one fruit at a daily basis, consumption of 
fish 2-3 per week, use of olive oil as the main culinary 
fat in salad and cooking etc.) and other habits that un-
dermine them (e.g. breakfast skipping, daily consump-
tion of sweets, frequent consumption of fast food etc.). 
Questions denoting a negative connotation with respect 
to a high-quality diet are assigned a value of − 1, while 
those with a positive aspect are assigned a value of + 1. 
Thus, the total KIDMED score ranges from − 4 to 12 and 
is classified into three levels: ≥ 8, suggesting an optimal 
adherence to the MD; 4-7, suggesting an average adher-
ence to the MD and an improvement needed to adjust 
dietary intake to guidelines; and ≤ 3, suggesting a low 
adherence to the MD and generally a low diet quality.
Assessment of self-reported physical activity 
and sedentary time
With regard to physical activity habits, patterns of physi-
cal activity were also self-reported. The questionnaire has 
been previously used in children in other large-scale epi-
demiological studies [19], and included simple closed-
type questions regarding children’s frequency, time and 
intensity of participation in (i) school-related physical 
activity (including activity during physical education 
classes; (ii) organized sports activities and (iii) physical 
activities during leisure time. For the current analysis, a 
student’s weekly frequency of participation in organized 
sports activities, physical activities during leisure time 
and school-related physical activity (range 0-7, i.e. from 
rare to daily participation), had an average duration (in 
minutes) per bout of engaging in the above physical ac-
tivities. The average duration per bout of engaging, if it 
caused them “to breathe hard or feel tired”, (providing a 
subjective estimation of moderate to vigorous intensity) 
was calculated. The frequency of all reported activities 
was multiplied by the minutes of moderate to vigorous 
physical activities (MVPA) and then divided by seven to 
obtain the mean daily time children engaged in MVPA. 
Children who participated in MVPA at least for 60 min-
utes per day were considered as meeting the recommen-
dation for physical activity [20].
Daily time (in hours) spent in sedentary activities (e.g. 
television viewing, use of Internet for non-study reasons, 
playing with computer or/and console games) was also 
calculated for each student (via multiplying the weekly 
frequency of participation with the duration per bout of 
participation in sedentary activities, and then dividing 
by 7). Using the threshold of two hours per day proposed 
by current scientific evidence and guidelines  [21,  22], 
students were classified as sedentary or not, i.e., exceed-
ing (> 2 hours per day) or not (≤ 2 hours per day) the 
recommended daily time spent in sedentary activities.
Moreover, daily time in sleeping hours was assessed 
through self reported recordings. Based on the Consen-
sus Statement of the American Academy of Sleep Medi-
cine, we classified as meeting the recommendations of 
sufficient sleep those children (aged 6 to 12-y-old) who 
were sleeping at least nine hours daily and those adoles-
cents (aged 13 to 17-y-old) who were sleeping at least 
eight hours per day. Children and adolescents that were 
sleeping daily fewer than the number of recommended 
hours were classified as having insufficient sleep [23].
Ethical approval
Ethical approval for the health survey was graded by the 
Ethical Review Board of the Ministry of Education and 
the Ethical Committee of Harokopio University. 
Data analysis
Normality of the distributions regarding continuous 
variables was verified through the Shapiro-Wilk test, 
despite the fact that the large sample allows for the as-
sumption of normality of the data. Descriptive statistics 
of anthropometric measurements were expressed as 
means  ±  standard deviations. Prevalence of thinness, 
normal weight, overweight and obesity was calculated 
as the ratio of those children belonging in the corre-
sponding class, based on the proposed cut-off points for 
BMI by IOTF  [13,  14] and divided by the total num-
ber of children. Comparisons of the prevalence between 
genders were performed using the Pearson’s chi-square 
test. Furthermore, simple regression analysis was used 
to evaluate the trends of each anthropometric variable 
(with lag 0). The independent variable was the year of 
birth. Serial dependency was evaluated using the partial 
autocorrelation function; no autocorrelation was ob-
served for various lags tested. Results are presented as 
b-coefficient ± SE. In order to assess the potential ef-
fect of several demographic and lifestyle factors (e.g. 
age, physical fitness measurements, adherence to Medi-
terranean diet, sleeping hours, physical activity levels 
and sedentary activities levels) on the total and central 
obesity status, binary logistic regression analysis was 
implemented and odds ratios (OR) with the correspond-
ing 95% confidence intervals (CI) were calculated. The 
Hosmer and Lemeshow’s goodness-of-fit test was cal-
culated in order to evaluate the model’s goodness-of-fit 
and residual analysis was implicated using the dbeta, 
the leverage, and Cook’s distance D statistics in order to 
identify outliers and influential observations. All other 
statistical analyses were performed using the SPSS ver-
sion 23.0 software for Windows (SPSS Inc., Chicago, 
Il, USA). Statistical significance level from two-sided 
hypotheses was set at p < 0.05.
Results
Anthropometric measurements  
and weight status 
Mean values for anthropometric measurements of chil-
dren and adolescents by age and gender are presented in 
Table I. Statistically significant differences were incor-
porated in all anthropometric measurements with boys 
having higher mean values than their girl peers (all p-
values < 0.01), with the exception of WtHR where this 
was not a stable finding across all age groups. Weight, 
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height, BMI and waist circumference increased with age 
in both genders (all p-values for trend < 0.001). In op-
posite, WtHR presented a relatively decreasing rate with 
age in boys and girls (p-values for trend < 0.001). 
Prevalence of underweight (three grades), normal 
weight, overweight, and obesity by age and gender, 
based on IOTF criteria, is incorporated in Table  II. In 
the whole population (4 to 17-y-old), proportions of un-
derweight decreased with age, in both genders (p-values 
for trend < 0.001). Normal weight boys ranged between 
64.3% in 10-y-old and 79.1% in 4-y-old (p-value for 
trend  =  0.137).In girls, the lower proportion (64.4%) 
incorporated in 9-y-old and the highest in 16-y-old (p-
value for trend  =  0.031). Overweight boys showed an 
increasing trend among 4-y and 17-y-old (p  =  0.007), 
while obese girls decreased between the above age range 
(p-value for trend  <  0.001) and presented their lower 
proportion at the age of 17-y-old. Overweight (includ-
ing obesity) in boys ranged from 16.2% in 4-y-old to 
34.7% in 10-y-old, (p-value for trend = 0.06) while in 
girls it varied between 19.3% in 17-y-old and 34.0% in 
9-y-old (p-value for trend = 0.12). Given that a signifi-
cant interaction was observed between BMI categories 
and age (p = 0.01) and additionally individual previous 
findings in Greece showed that the prevalence of over-
weight is significantly lower in adolescence in compari-
son with childhood [3, 10-11, 24], we decided to stratify 
the analysis in two groups: childhood and adolescent. 
Analytically, further analysis was performed, splitting 
the prevalence of BMI categories in two age periods; 
early/middle childhood (4- to 11-y-old) and adolescence 
(12- to 17-y-old). Findings regarding the trend of BMI 
groups by gender during childhood and adolescence 
are presenting in Table  II. During childhood, rates of 
overweight (including obesity) increased from 16.2% 
in boys 4-y-old to 34.7% in 11-y-old (p < 0.001) with 
an increasing trend per 2.7 ± 0.3% (p < 0.001) per year 
of birth. For girls, an increase in overweight (includ-
ing obesity) rates from 21.2% in 4-y-old to 34.0% in 
9-y-old and 30% in 11-y-old was evident (p < 0.001), 
with an annual increasing trend equal to 1.58  ±  0.4% 
(p = 0.005). In opposite, adolescent boys who belong to 
the overweight (including obesity) group decreased from 
33.5% in 12-y-old to 27.9% in 17-y-old (annual rate: 
–  1.23  ±  0.14%, p  =  0.001). Similarly, for adolescent 
girls, a decrease in overweight (including obesity) rates 
from 29.6% to 19.3% was evident between 12-y-old and 
17-y-old (p  =  0.008), with an annual decreasing trend 
equal to 2.03 ± 0.42% (p = 0.008). In childhood, nor-
mal weight and thinness rates were decreasing with age, 
Tab. I. Anthropometric indices (means ± standard deviation) of population by gender and age.
Boys Girls
Age † N Height 
(cm)
Weight 
(kg)
BMI  
(kg/m2)
WC 
(cm)
WHtR N Height 
(cm)
Weight 
(kg)
BMI  
(kg/m2)
WC 
(cm)
WHtR 
4 3157
107.9 
(5.0)*
18.7 
(2.8)*
16.0 (1.9)
54.8 
(4.7)
0.58 
(0.49)
3091
106.6 
(5.1)
18.3 
(2.8)
16.0 (1.9)
54.5 
(4.6)
0.60 
(0.49)
5 4550
113.1 
(5.4)*
20.8 
(3.8)*
16.3 
(2.1)*
56.6 
(5.3)*
0.48 
(0.50)
4477
111.8 
(5.3)
20.2 
(3.7)
16.1 (2.2)
56.0 
(5.4)
0.49 
(0.50)
6 11361
120.0 
(5.6)*
24.0 
(3.7)*
16.4 
(2.4)*
58.4 
(6.3)*
0.34 
(0.47)
11139
118.8 
(5.5)
23.3 
(4.6)
16.4 (2.4)
57.7 
(6.4)
0.35 
(0.48)
7 21034
125.1 
(5.8)*
26.6 
(5.5)*
16.9 
(2.6)*
59.9 
(7.1)*
0.29 
(0.45)*
21165
124.1 
(5.8)
26.0 
(5.3)
16.8 (2.6)
59.2 
(7.2)
0.30 
(0.46)
8 21159
131.4 
(6.0)*
30.4 
(6.7)*
17.6 
(3.0)*
62.9 
(8.2)*
0.30 
(0.46)
20140
130.0 
(6.1)
29.7 
(6.5)
17.4 (3.0)
62.0 
(8.0)
0.31 
(0.46)
9 21387
136.9 
(6.4)*
34.5 
(8.0)*
18.3 
(3.3)*
65.8 
(9.0)*
0.33 
(0.47)
20524
135.6 
(6.5)
33.7 
(7.7)
18.1 (3.2)
64.7 
(8.9)
0.32 
(0.47)
10 21162
142.1 
(6.8)*
38.5 
(9.0)*
18.9 
(3.5)*
68.6 
(9.7)*
0.35 
(0.48)*
20424
141.8 
(7.7)
38.0 
(8.9)
18.7 (3.4)
67.2 
(9.5)
0.31 
(0.46)
11 19875
147.3 
(7.1)*
43.2 
(10.2)*
19.6 
(3.6)*
71.3 
(10.2)*
0.36 
(0.48)*
18910
148.4 
(7.6)
43.0 
(9.9)
19.3 (3.6)
70.0 
(9.8)
0.30 
(0.46)
12 16349
153.7 
(7.9)*
47.5 
(11.3)*
20.1 
(3.8)*
73.4 
(10.5)*
0.34 
(0.47)*
15465
154.8 
(7.4)
47.9 
(10.6)
19.9 (3.6)
71.5 
(10.0)
0.26 
(0.44)
13 8515
160.5 
(8.7)*
54.0 
(12.9)*
20.7 
(3.9)*
75.5 
(10.9)*
0.28 
(0.45)*
7819
159.2 
(6.7)
52.1 
(10.8)
20.5 (3.7)
72.2 
(9.9)
0.21 
(0.41)
14 7635
167.4 
(8.5)*
60.5 
(13.6)*
21.4 
(3.9)*
77.9 
(10.9)*
0.25 
(0.43)*
6734
162.0 
(6.2)
55.6 
(10.5)
21.2 (3.6)
73.5 
(9.8)
0.20 
(0.40)
15 6273
172.5 
(7.5)*
65.2 
(13.1)*
21.8 
(3.8)*
79.0 
(10.7)*
0.22 
(0.41)
5425
163.2 
(6.1)
57.5 
(10.2)
21.6 (3.5)
74.2 
(9.8)
0.21 
(0.40)
16 3695
175.5 
(7.0)*
69.3 
(13.0)*
22.5 
(3.8)*
80.3 
(10.3)*
0.20 
(0.40)*
3413
164.2 
(6.3)
58.9 
(10.4)
21.8 (3.5)
74.0 
(9.3)
0.20 
(0.38)
17 2358
177.0 
(7.1)*
72.0 
(13.2)*
22.9 
(3.7)*
81.4 
(10.8)*
0.22 
(0.41)
2228
164.7 
(6.3)
60.1 
(10.8)
22.1 (3.6)
74.8 
(10.4)
0.21 
(0.40)
P for trend < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
† = completed age, e.g., 4 years = 4.00-4.99 years; * = p-value < 0.01 between boys and girls; BMI = body mass index; WC = waist circumference; 
WHtR = waist to height ratio.
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while rates of normal weight were increasing, in both 
genders (all p-values for trend < 0.05). In adolescence, 
normal weight boys and girls were increasing with age, 
while overweight and obese rates were decreasing, in 
both genders (all p-values for trend <0.05).
Prevalence of central and total obesity (WtHR ≥ 0.5), by 
gender and age, are presented in Figures 1, 2. The preva-
lence of central obesity across age groups follows paral-
lel rates with total obesity (defined according to BMI), 
with the exception of children aged 4- and 5-y-old. In the 
whole study population, central obesity was diagnosed 
in 95.3% and 93.5% of the simple obese boys and girls, 
respectively (p < 0.001). Additionally, in almost two to 
three of overweight children (68.6% of boys and 64.3% 
of girls) coincides with central obesity; while a propor-
tion of 12% of normal weight children were classified 
as centrally obese. Prevalence of central obesity in the 
different BMI categories (IOTF definitions) by age and 
gender is shown in Table III, as well as the secular trends 
of its development across childhood and adolescence. 
Moreover, exploring the distribution of total and central 
obesity by prefecture, we found some extensive areas of 
high rates, located primarily in the Aegean Sea, Crete 
and Ionian Sea for both genders.
Health behaviors of children/adolescents  
on total/central obesity
Further data analysis was conducted to assess the poten-
tial effect of demographic and proximal health behaviors 
(e.g. age, anthropometric and physical fitness measure-
ments, adherence to the Mediterranean diet, physical 
and sedentary activity levels, and sleeping hours) on to-
tal and central obesity incidence in the whole sample, 
and in children and adolescents, separately. The initial 
logistic regression analysis in the whole sample (Ta-
ble IV) revealed that for every one-year increase in the 
age the risk of total and central obesity was significantly 
decreased, while better performances in physical fitness 
measurements were associated with lower odds of be-
ing totally or centrally obese, in both genders. Moreover, 
compliance with current recommendations in lifestyle 
factors such as Mediterranean diet, physical activity 
levels, sleeping hours and sedentary activities seems to 
decrease odds of being totally or centrally obese, in both 
genders, with the exception of sleeping hours on cen-
trally obese girls (p = 0.818).
Further analysis (Tab. V) by age groups (e.g. children, 
adolescents) showed some discrimination in the influ-
ence of lifestyle factors on total and central obesity, 
compared with the whole sample. Specifically, it ap-
pears that adequate levels of physical activity did not 
Tab. II. Prevalence of BMI categories according to IOTF definitions, by gender and age, in 4 to 17- y-old Greek children.
Boys Girls
Age † Thinness 
(%)
Normal 
weight (%)
Overweight 
(%)
Obesity 
(%)
Thinness 
(%)
Normal 
weight (%)
Overweight 
(%)
Obesity 
(%)
Children
4 13,8* 70,0* 10,4* 5,8 10,9 67,9 15,5 5,7
5 12,6* 65,7 13,2* 8,5 10,9 65,0 15,8 8,3
6 9,9 65,4* 15,8* 8,9 9,8 62,5 18,3 9,4
7 8,4* 64,5* 18,0* 9,2 9,3 61,6 19,9 9,2
8 7,0* 62,1* 20,7* 10,2 8,4 59,7 22,2 9,7
9 6,1* 59,8* 23,5* 10,7* 7,6 58,5 25,0 9,0
10 5,4* 59,9 25,7 9,0* 7,8 59,4 25,0 7,8
11 5,5* 60,0* 25,8* 8,8* 8,0 61,4 24,2 6,4
B ± SE per year 
change
– 1.3 ± 0.15 – 1.4 ± 0.20 2.3 ± 0.13 0.36 ± 0.19 – 0.52 ± 0.08 – 1.0 ± 0.31 1.5 ± 0.19 0.02 ± 0.24
P for trend 
< 0.001
< 0.001 < 0.001 = 0.116 = 0.001 = 0.014 < 0.001 = 0.937 -
Adolescents
12 5,3* 61,3* 25,2* 8,2*      8,4 64,0 22,4 5,2
13 5,6* 62,0* 24,4* 8,1* 8,3 67,4 19,9 4,3
14 5,0* 63,2* 23,5* 8,1* 6,7 70,9 18,2 4,3
15 4,4* 66,6* 22,2* 6,8* 7,4 72,2 16,5 3,9
16 4,8* 66,9* 21,6* 6,7* 7,5 74,1 14,7 3,7
17 5,1* 67,0* 21,4* 6,5* 8,7 71,4 15,0 4,3
B ± SE per year 
change
– 0.11 ± 0.09 1.3 ± 0.23 – 0.82 ± 0.08 – 0.40 ± 0.08 – 0.01 ± 0.20 1.7 ± 0.51 – 1.6 ± 0.20 – 0.19 ± 0.10
P for trend = 0.293 = 0.004 < 0.001 = 0.008 = 0.979 = 0.031 = 0.001 = 0.012
All
B ± SE per year 
change
– 0.62 ± 0.11
– 0.05 ± 
0.22
0.78 ± 0.24 – 0.22 ± 0.09 – 0.23 ± 0.06 0.78 ± 0.22 – 0.15± 0.26 – 0.42 ± 0.10
P for trend < 0.001 = 0.137 = 0.007 = 0.05 < 0.001 = 0.017 = 0.577 = 0.001
† = completed age, e.g., 4 years = 4.00-4.99 years; * = p-value < 0.05 for differences between boys and girls from the same BMI category.
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have favorable influence on the incidence of total obe-
sity, in children from both sexes. Also, in adolescents of 
both sexes, increased screen time did not associate with 
total obesity, while physical activity status and adher-
ence to the Mediterranean diet had not significant effect 
in total obesity in adolescent boys and girls, respectively. 
Sleeping hours and physical activity levels of girls aged 
4- to 11-y-old did not influence central obesity status. 
Moreover, in adolescence, physical activity levels in 
both sexes, screen time in boys and sleeping hours in 
girls, did not associated with central obesity.
Discussion
The major findings of our study, based on a epidemio-
logic, population-based survey indicate that: (a) boys 
and girls transitioned from childhood to adolescence 
at more favorable levels of adiposity, (b) central obe-
sity exists in a significant proportion of overweight and 
normal weight (according to IOTF criteria) children and 
adolescents and (c) compliance with recommendations 
in Mediterranean diet, physical activity levels, sleeping 
hours and sedentary activities decrease the risk of total 
and central obesity, in both genders.
Fig. 1. Central obesity (%) by age and gender, in Greek children 4- to 17-y-old.
Fig. 2. Total obesity (%) by age and gender, in Greek children 4- to 17-y-old.
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To update country data on childhood obesity and evalu-
ate public health interventions, the EYZHN (National 
Action for Children’s Health) program analyzed anthro-
pometric, physical fitness measurements and several 
lifestyle factors for public and private schoolchildren in 
pre-elementary to middle school (4- to 17-y-old), using 
data from about 360,000 boys and girls. 
Our study has several strengths. It was conducted in 
a wide age-range group and examined several anthro-
pometric and lifestyle factors. Moreover, childhood is 
doubtless an advantageous period to apply effective obe-
sity prevention strategies. At adolescence, physiological 
(e.g. pubertal stage) and behavioral (e.g. eating disor-
ders, established dietary habits) factors may hold back 
prevention efforts. A second advantage of the presented 
data is that it is derived using the same standardized pro-
cedure of measurements and are based on almost all the 
child and adolescent population of Greece. Furthermore, 
the use of the IOTF cut-off points for BMI classification 
for thinness, normal-weight  [13], overweight, and the 
obese [14], are the most proper for large epidemiologi-
cal studies [15] and allow for direct comparisons of our 
results with those from other countries. Finally, primary 
and secondary education is compulsory in Greece and, 
therefore, we were able to study a great proportion of 
4- to 17-y-old children and adolescents. The later over-
comes the methodological flaws of previous studies per-
formed in Greece that were heterogeneous in terms of 
design, target- population, quality, theoretical underpin-
ning and outcome measures [9-12, 24], making imprac-
tical to compare study findings with the data from other 
similar projects. 
Data from our representative sample of 4- to 17-y-old 
Greek children and adolescents indicate that the overall 
prevalence of obesity was higher in boys (9.0%) than in 
girls (7.5%), (p < 0.001). The overall rate of overweight 
was 22.2% in boys and 21.6% in girls. The prevalence 
of overweight children was higher in girls younger 
than 9-y-old, compared to boys, while the proportion 
of obese girls was elevated in comparison with boys 
only in 6-y-old and decreasing thereafter. Our findings 
regarding prevalence of overweight and obesity are 
consistent with previous data from different regions of 
Greece [4, 10-12, 24-25]. According to the WHO Euro-
pean Region, prevalence of childhood overweight (in-
cluding obesity) varied significantly among European 
countries, ranged from 11% to 33%, with highest rates 
in Southern European countries (i.e. Greece 33%). In 
adolescence, prevalence of overweight (including obe-
sity) ranged from 10% (i.e. the Russian Federation) 
to 23% (Greece)  [26]. This study confirms the above 
notion and suggests that additional actions should be 
adopted for the treatment of obesity in our country.
Boys and girls transitioned from childhood to adoles-
cence had more favorable levels of overweight and obe-
sity (total and central). Nevertheless, the reductions are 
less pronounced with girls compared with all children. 
Probably, dieting with advanced age, especially in girls, 
Tab. III. Central obesity (%) by BMI categories (IOTF definitions), gender and age, in 4 to 17-y-old Greek children.
Boys * Girls
Age † Total Normal 
weight 
Overweight Obesity Total Normal 
weight 
Overweight Obesity 
Children
4 58.2 53.1 90.6 100 60.2 52.9 93.8 97.8
5 48.1 38.1 83.5 97.0 48.8 37.5 84.2 98.3
6 33.7 19.8 68.6 92.7 34.7 19.1 68.0 93.9
7 28.6 12.0 62.7 94.2 29.7 13.0 61.0 92.5
8 30.3 10.1 66.2 94.9 30.9 11.2 65.2 92.1
9 33.1 10.0 69.7 95.8 32.4 11.6 66.3 94.7
10 35.0 11.1 74.1 96.2 31.4 11.0 67.2 94.8
11 36.5 12.4 77.5 96.5 29.4 11.1 65.3 93.6
B ± SE per year 
change
– 2.6 ± 1.3 – 5.4 ± 1.5 – 1.6 ± 1.4 – 0.22 ± 0.35 – 3.7 ± 1.1 – 5.4 ± 1.5 – 3.4 ± 1.3 – 0.54 ± 0.30
P for trend = 0.095 = 0.013 = 0.312 = 0.551 = 0.017 = 0.011 = 0.039 = 0.134
Adolescents
12 33.7 11.3 73.7 95.7 25.7 9.7 62.0 92.8
13 28.4 8.0 63.0 94.5 21.1 8.0 55.4 92.8
14 24.9 5.9 55.9 95.3 20.4 8.5 55.0 90.6
15 21.5 5.3 51.2 93.8 20.6 9.6 56.6 93.3
16 20.2 4.7 48.9 94.6 17.9 8.2 53.2 92.9
17 21.9 5.7 53.3 96.6 21.1 9.9 58.6 90.0
B ± SE per year 
change
– 2.5 ± 0.6 – 1.1 ± 0.4 – 4.3 ± 1.2 0.09 ± 0.26 – 0.93 ± 0.5 0.08 ± 0.22 – 0.63 ± 0.77 – 0.31 ± 0.34
P for trend = 0.013 = 0.039 = 0.027 = 0.360 = 0.135 = 0.746 = 0.46 = 0.40
† = completed age, e.g., 4 years = 4.00–4.99 years; * = p-value < 0.05 for differences between boys and girls from the same BMI category; the prevalence 
of abdominal obesity differs significantly between categories of BMI categories in both genders.
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could be an explanation for the reduction in overweight 
and obesity after 11 years of age. In fact, study from 
Yiannakoulia et al., (2004) found that the proportion of 
Greek girls reporting to be on a diet to lose weight was 
rising with age (from 11.5- to 15.5-y-old) [27]. The find-
ing that overweight and obesity in boys and girls are de-
clining across age has been reported in Greece and else-
where [4, 5]. The fact that overweight and obesity were 
higher in the younger ages reveals that further targeted 
actions should be focused in these age groups.
Regarding thinness, there is little information in Euro-
pean children and no data from Greece. The prevalence 
of thinness in the present study is quite similar to that 
reported from other European countries. Specifical-
Tab. IV. Associations between demographic and health behaviours and unadjusted odds of total and central obesity, by gender.
Predictors Total obesity
OR (95% CI)
P-value Central obesity
OR (95% CI)
P-value
Boys
Age (per 1 year)
0.972
(0.966-0.978)
< 0.001
0.958
(0.955-0.962)
< 0.001
Waist circumference (per 1 cm)
1.136
(1.134-1.038)
< 0.001 - -
Weight (per 1 kg) - -
1.036
(1.036-1.037)
< 0.001
Sit and reach test (per 1cm)
0.918
(0.915-0.920)
< 0.001
0.976
(0.974-0.977)
< 0.001
20 meters shuttle run test (per 1 stage)
0.931
(0.929-0.933)
< 0.001
0.955
(0.955-0.956)
< 0.001
10 x 5 meters shuttle run test (per 1 sec)
1.099
(1.094-1.103)
< 0.001
1.097
(1.094-1.101)
< 0.001
Sit-ups in 30 seconds (per 1 sit-up)
0.918
(0.915-0.920)
< 0.001
0.941
(0.940-0.943)
< 0.001
Standing long jump (per 1 cm)
0.995
(0.995-0.995)
< 0.001
0.996
(0.996-0.996)
< 0.001
Adherence to the Mediterranean diet 
(moderate/high vs low)
1.152
(1.087-1.212)
< 0.001
1.050
(1.002-1.092)
= 0.044
Sleeping hours (sufficient vs insufficient)
1.225
(1.168-1.286)
< 0.001
1.143
(1.109-1.177)
< 0.001
Screen time (acceptable vs increased time)
1.184
(1.123-1.247)
< 0.001
1.054
(1.020-1.099)
= 0.002
Physical activity levels (adequate vs inadequate)
1.037
(1.004-1.066)
= 0.034
1.035
(1.005-1.067)
= 0.023
Girls
Age (per 1 year)
0.908
(0.901-0.914)
< 0.001
0.920
(0.917-0.924)
 <0.001
Waist circumference (per 1 cm)
1.136
(1.133-1.038)
< 0.001 - -
Weight (per 1 kg) - -
1.035
(1.034-1.036)
< 0.001
Sit and reach test (per 1 cm)
0.907
(0.904-0.910)
< 0.001
0.975
(0.973-0.977)
< 0.001
20 meters shuttle run test (per 1 stage)
0.902
(0.899-0.905)
< 0.001
0.945
(0.943-0.946)
< 0.001
10 x 5 meters shuttle run test (per 1 sec)
1.098
(1.093-1.103)
< 0.001
1.096
(1.092-1.100)
< 0.001
Sit-ups in 30 seconds (per 1 sit up)
0.907
(0.904-0.920)
< 0.001
0.939
(0.937-0.940)
< 0.001
Standing long jump (per 1 cm)
0.995
(0.995-0.996)
< 0.001
0.996
(0.996-0.996)
< 0.001
Adherence to the Mediterranean diet 
(moderate/high vs low)
1.120
(1.039-1.199)
= 0.006
1.069
(1.020-1.116)
= 0.008
Sleeping hours (sufficient vs insufficient)
1.102
(1.064-1.167)
= 0.001
0.996
(0.964-1.029)
0.818
Screen time (acceptable vs increased time)
1.155
(1.081-1.233)
< 0.001
1.086
(1.046-1.128)
< 0.001
Physical activity levels (adequate vs inadequate)
1.104
(1.046-1.166)
< 0.001
1.066
(1.034-1.098)
< 0.001
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Table V. Associations between demographic and health behaviours and unadjusted odds of total and central obesity in children and adoles-
cents, by gender.
Total obesity
OR (95% CI)
Central obesity
OR (95% CI)
Children Adolescents Children Adolescents
Boys
Age (per 1 year)
0.977
(0.968-0.987)
< 0.001
0.936
(0.905-0.968)
< 0.001
1.044
(1.038-1.051)
< 0.001
0.898
(0.879-0.917)
< 0.001
Waist circumference 
(per 1 cm)
1.177
(1.175-1.180)
< 0.001
1.248
(1.239-1.258)
< 0.001 - - - -
Weight (per 1 kg) - - - -
1.103
(1.102-1.105)
< 0.001
1.248
(1.239-1.258)
< 0.001
Sit and reach test (per 
1cm)
0.980
(0.977-0.993)
< 0.001
0.982
(0.977-0.985)
< 0.001
0.976
(0.975-0.978)
< 0.001
0.978
(0.974-0.981)
< 0.001
20 meters shuttle run 
test (per 1 stage)
0.924
(0.922-0.926)
< 0.001
0.941
(0.937-0.945)
< 0.001
0.954
(0.953-0.955)
< 0.001
0.956
(0.954-0.958)
< 0.001
10 x 5 meters shuttle 
run test (per 1 sec)
1.097
(1.092-1.102)
< 0.001
1.109
(1.097-1.120)
< 0.001
1.087
(1.084-1.091)
< 0.001
1.123
(1.113-1.133)
< 0.001
Sit-ups in 30 seconds 
(per 1 sit-up)
0.919
(0.916-0.922)
< 0.001
0.877
(0.870-0.884)
< 0.001
0.950
(0.948-0.952)
< 0.001
0.895
(0.890-0.900)
< 0.001
Standing long jump 
(per 1 cm)
0.995
(0.994-0.995)
< 0.001
0.996
(0.996-0.997)
< 0.001
0.996
(0.996-0.996)
< 0.001
0.997
(0.996-0.997)
< 0.001
Adherence to 
Mediterranean diet 
(moderate/high vs low)
1.166
(1.089-1.237)
< 0.001
1.186
(1.067-1.290)
= 0.003
1.089
(1.036-1.139)
= 0.001
1.100
(1.018-1.176)
= 0.018
Sleeping hours 
(sufficient  
vs insufficient)
1.191
(1.128-1.258)
< 0.001
1.315
(1.186-1.457)
< 0.001
1.136
(1.098-1.175)
< 0.001
1.090
(1.061-1.124)
= 0.010
Screen time 
(acceptable  
vs increased time)
1.263
(1.188-1.343)
< 0.001
1.103
(0.994-1.224)
= 0.064
1.151
(1.107-1.196)
< 0.001
1.040
(0.975-1.110)
= 0.229
Physical activity levels 
(adequate  
vs inadequate)
1.049
(0.991-1.109)
= 0.097
0.982
(0.886-1.088)
= 0.728
1.043
(1.008-1.080)
= 0.016
0.970
(0.911-1.034)
= 0.354
Girls
Age (per 1 year)
0.903
(0.893-0.913)
< 0.001
0.994
(0.949-1.040)
= 0.783
0.961
(0.955-0.968)
< 0.001
0.988
(0.966-1.011)
= 0.315
Waist circumference 
(per 1 cm)
1.163
(1.160-1.166)
< 0.001
1.230
(1.219-1.241)
< 0.001 - - - -
Weight (per 1 kg) - - - -
1.030
(1.023-1.037)
< 0.001
1.073
(1.072-1.074)
< 0.001
Sit and reach test  
(per 1 cm)
0.983
(0.980-0.985)
< 0.001
0.980
(0.973-0.987)
< 0.001
0.977
(0.975-0.979)
< 0.001
0.978
(0.974-0.981)
< 0.001
20 meters shuttle run 
test (per 1 stage)
0.903
(0.900-0.907)
< 0.001
0.905
(0.894-0.915)
< 0.001
0.943
(0.942-0.945)
< 0.001
0.961
(0.957-0.964)
< 0.001
10 x 5 meters shuttle 
run test (per 1 sec)
1.092
(1.087-1.098)
< 0.001
1.099
(1.086-1.113)
< 0.001
1.088
(1.084-1.092)
< 0.001
1.099
(1.089-1.110)
< 0.001
Sit-ups in 30 seconds 
(per 1 sit up)
0.913
(0.910-0.917)
< 0.001
0.884
(0.873-0.895)
< 0.001
0.945
(0.943-0.947)
< 0.001
0.922
(0.916-0.928)
< 0.001
Standing long jump 
(per 1 cm)
0.994
(0.994-0.995)
< 0.001
0.996
(0.996-0.997)
< 0.001
0.995
(0.995-0.996)
< 0.001
0.997
(0.997-0.998)
< 0.001
Adherence to 
Mediterranean diet 
(low  
vs moderate/high)
1.229
(1.143-1.306)
< 0.001
1.095
(0.923-1.247)
= 0.284
1.159
(1.103-1.211)
< 0.001
1.124
(1.039-1.202)
= 0.005
Sleeping hours 
(sufficient  
vs insufficient)
1.114
(1.045-1.187)
< 0.001
1.241
(1.082-1.223)
= 0.002
1.022
(0.985-1.060)
= 0.250
1.030
(0.960-1.105)
= 0.405
Screen time 
(acceptable  
vs increased time)
1.319
(1.223-1.422)
< 0.001
1.125
(0.975-1.428)
= 0.108
1.224
(1.169-1.280)
< 0.001
1.134
(1.055-1.129)
= 0.001
Physical activity levels 
(adequate  
vs inadequate)
1.038
(0.988-1.102)
= 0.220
1.157
(1.009-1.326)
= 0.036
1.012
(0.977-1.047)
= 0.487
1.059
(0.988-1.134)
= 0.106
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ly, Boddy et al., 2008  [28], Martinez-Vizcaino et al., 
2015  [29], and Lazzeri et al., 2008  [30] have reported 
overall prevalence of thinness ranging from 6.2% to 
9.5% and found significantly higher prevalence in girls, 
a finding similar to ours. Furthermore, results in chil-
dren and adolescents from 10 European countries and 
the USA are in accordance with our findings and pro-
posed that girls and younger children presented higher 
prevalence of thinness compared to boys and older ones, 
respectively [31]. 
Waist to Height ratio has emerged as a central adipos-
ity parameter and significant predictor of risk factors for 
cardiovascular disease in children and adolescents  [9].
We assessed the prevalence of central obesity through-
out childhood and adolescence and we specifically fo-
cused on its presence in normal weight and overweight 
children. Our findings proposed that boys were more 
likely to be centrally obese than girls (31.9% vs 29.5%, 
p < 0.001), and in line with current evidences from na-
tionwide Greek survey of children and adolescents, 
based on WHtR measurements [19, 32]. On the con-
trary, a review of 29 studies by de Moraes et al., (2011) 
incorporate that is not clear what gender has a higher 
proportion  [33]. In the total study population, 30% of 
children were centrally obese while almost two to three 
of overweight children and 12% of normal weight were 
classified as centrally obese. Central obesity rates in 
Greek children and adolescents are higher than those 
have reported in Swedish, English and Spanish children 
and adolescents [34-36], but quite similar to that incor-
porated from the USA [37] and Greece [11, 19]. In our 
study, prevalence of central obesity in children 4- to 5-y-
old was remarkably high (48 to 60%). Although, a value 
of 0.5 in WtHR indicates high sensitivity and specificity 
to detect obesity in individuals aged 6-18 years, results 
from a study of 5,725 Norwegian children and adoles-
cents recommended that in younger children, this cutoff 
was not appropriate due to low specificity [38]. Moreo-
ver, according to Taylor et al., (2011), due to the residual 
correlation between WtHR and stature in children, the 
division of WC by height may be insufficient to properly 
adjust the height during growth [39]. Evidences from the 
Bogolusa Heart Study highlighted that normal weight 
and overweight children with central obesity had in-
creased cardio-metabolic risk in comparison with over-
weight children without excessive abdominal fat  [40]. 
Those findings, especially in Greece, are of particular 
concern because the simultaneous presentation of total 
and central obesity may demand specific intervention 
programs against abdominal fat accumulation.
To our knowledge this study is the first to examine the 
association of obesity with several modifiable lifestyle 
factors simultaneously, in a representative sample of 
6-to 17-y-old boys and girls. Adherence to the Mediter-
ranean diet, physical and sedentary activity levels, and 
physical fitness measurements associated with the risk 
of being obese (total or/and central) among Greek chil-
dren and adolescents. The present study reveals that ex-
cess body weight was negatively associated with physi-
cal fitness in children and adolescents, a finding that is in 
line with other studies supporting that obese children are 
not physically fit [41, 42]. The most obvious explanation 
is that excess weight is a disadvantageous parameter for 
performance, particularly for weight-bearing activities 
like running and jumping.
Nationally representative European studies collecting 
data with the use of a common data protocol on physi-
cal activity and nutrition habits, are limited. Specifically, 
the HBSC study targeting 11-, 13- and 15-y-old [43], the 
ENERGY study targeting 10/12-y-old [44] and the WHO 
European COSI study in 6 to 9-y-old children [45]. Our 
findings in the whole study group support the notion 
that adherence to Mediterranean diet, adequate physical 
activity levels, sufficient sleeping hours and acceptable 
screen time decrease the risk of total and central obe-
sity, in both genders. In line with us, the HBSC study 
supported a strong and consistent negative association 
of overweight with dietary habits and physical activity, 
while the ENERGY study concluded that appropriate 
dietary behaviors, lack of physical activity and seden-
tary behaviors are regarded as potential risk factors for 
becoming overweight/obese  [43, 44]. Furthermore, the 
COSI study in 6- to 9-y-old children from five countries 
speculated that unhealthy eating behaviors and spend-
ing screen time ≥ 2 h/d were positively associated with 
obesity  [45]. In our study, no consistent relations (in 
children and adolescents) between adequate physical ac-
tivity levels and total and/or central obesity were noted. 
Nevertheless, we did not find related studies to compare 
with for the associations of adequate physical activity 
with total and central obesity, in children and adoles-
cents, separately.
Limitations of the present study include some methodo-
logical issues, and the fact that potential confounding 
factors, such as sexual maturation, genetic predisposition 
to obesity etc., have not been evaluated. Dietary habits, 
physical activity and sedentary time status are based on 
self-reported data that could be subject to socially desir-
able reporting bias. However, children responses were 
anonymous; therefore, participants had no reason to dis-
semble or misreport their answers. Moreover, although 
a standard protocol was used to measure anthropometric 
data, the large number of professionals that have partici-
pated as evaluators, may have introduced inter-observer 
measurement error. Finally, because of the large sample 
size, statistical significance can easily be achieved. 
Conclusions
Despite the aforementioned limitations, this is the first 
study that reports on the most recent total and central 
obesity prevalence trends in Greek children and adoles-
cents 4- to 17-y-old. Results revealed that total obesity 
and overweight rates of both sexes are alarmingly elevat-
ed while central obesity coexists in the most overweight 
and obese children and adolescents. An encouraging 
finding of our data was that obesity presented decreasing 
trends in the transition from childhood to adolescence. 
Finally, it seems that low physical fitness, low adherence 
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to Mediterranean diet, insufficient sleeping hours, inad-
equate physical activity levels and increased screen time 
constitute risk factors of obesity since all are associated 
with higher odds of total and central obesity. Serious and 
urgent actions need to be taken from public health policy 
makers affecting both social and market environment in 
order not only to prevent a further increase in overweight 
and obesity rates but, more importantly, to treat obesity 
and/or the obesity associated co-morbidities. 
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